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caborateZ1 were prepared as described in the literature.
9-Fluoro-o-carborane. The iodonium salt 1 (1.50 g; 3.5 mmol) was added portionwise to a stirred mixture of K F (1.0 g; 17.2 mmol), 18-crown-6 ether (1.34 g; 5.1 mmol), and dry chloroform (IO mL). The exothermic reaction was complete within 1-5 min. The liquid phase was analyzed by GLC and then evaporated, and the residue was chromatographed on alumina (benzenehexane, 1:3) to give 0.52 g (93%) of 9-fluoro-ecarborane, mp 287-288 OC (from benzene-hexane; sealed tube).
The compound was found to be identical with an authentic ample.^,^ 9-Fluoro-m-carborane. A mixture of 2 (0.70 g; 1.62 mmol), NaHF2
(0.30 g; 4.84 mmol), water (7 mL), and dichloromethane (7 mL) was vigorously stirred under reflux for 6 h. Internal standard (chlorobenzene) was added, and the organic layer was analyzed by GLC and GC-MS. The organic phase was evaporated, and the residue was chromatographed on silica gel (40-100 mesh; hexane) to give 9-fluoro-m-carborane (0.23 g; 89%), mp 267-268 OC (hexane; sealed tube). The compound was found to be identical with an authentic ample.^^^ 2-Fluoro-p-carborane. A mixture of 7 (0.7 g; 1.6 mmol), NaF (0.2 g; 4.8 mmol), water (4 mL), and dichloromethane (5 mL) was vigorously stirred at 25 O C for 35 min. The organic phase was separated off, filtered through a short alumina plug, and evaporated. The residue (a mixture of iodobenzene and 2-fluoro-p-carborane) was dissolved in dry CCI, (5 mL), and the solution was saturated with Clz at 5 OC and then evaporated, to give the mixture of iodobenzene dichloride and the fluorocarborane. The latter was extracted with pentane [the yield of PhIClz left was 0.31 g (70%)], and the pentane solution was filtered through an alumina plug and evaporated to dryness. Vacuum sublimation of the residual solid gave 0.26 g (99.5%) of analytically pure 2-fluoro-pcarborane, mp 256 "C (sealed tube). Anal. Calcd for C2H,,BloF: F, 11.71. Found: F, 11.74.
Reactions of 2-6 with NaF. A mixture of aryl(m-carboran-9-yl)-iodonium tetrafluoroborate (0.62 mmol), NaF (0.08 g; 1.9 mmol), water (2 mL), and chloroform (2 mL) was vigorously stirred under reflux for 2.5 h. Internal standard (chlorobenzene) was added, and the organic phase was analyzed by GLC and GC-MS.
Introduction
Reactions forming carbon-carbon bonds are among the most fundamental organic chemical transformations mediated by + University of Ottawa. f Washington University.
early-transition-metal complexes. Today, reductive couplings and insertion reactions are successfully used with a considerable number of transition metals, to form C-C bonds through either catalytic or stoichiometric reacti0ns.I While the insertion reactions are the most versatile chemical pathway for polymerization processes,1a*2 reductive couplings are target of continuous studies for regio-and stereoselective metal-promoted organic ~yntheses.~ Group 4 transition metals seem to be especially versatile for this second class of reaction^,^^,^ reductive couplings being documented for the large majority of unsaturated organic compounds (dienes,5 olefm,6 acetylenes,' isocyanides? nitriles? and carbon monoxidelo). We were especially interested in defining the chemical reactivity of (TMEDA)2TiC12 (TMEDA = N,N,N',N'-tetramethylethylenediamine)," which is one of the rare examples of low-valent titanium complexes.12J3 In this paper we describe the reaction with a few unsaturated nitrogen-containing organic substrates (nitriles, azo compounds, and azides). The main interest in the reactivity with these substrates results from the rarity of the organic functionality which m a y be generated (diiminato: ened i a m i n a t~, '~ enediimid~,'~ imido,I6 or azido) depending on (i) the number of electrons transferred by the transition metal to the organic substrate and (ii) the reducing power of the transition metal.
Experimental Section
All operations were performed under an inert atmosphere (N2 or Ar) by using standard Schlenk techniques, or in a nitrogen-filled drybox (Braun MB-200). TMEDA was chromatographed over AI2O3 and distilled from melted potassium. (TMEDA)2TiC12 was prepared according to the published procedure.I3 Infrared spectra were recorded on a Perkin-Elmer 283 instrument from Nujol mulls prepared in a drybox. Elemental analyses were carried out at the Microanalytical Department of the State University of Groningen. NMR spectra were recorded on a Varian Gemini 200-MHz instrument. A I3C solid state magic-angle spinning NMR spectrum (complex 1) was obtained under cross-polarization magic-angle-spinning and high-power proton-decoupling conditions at 45.267 MHz on a Bruker CXP-180 spectrometer. The sample was sealed under vacuum into a glass ampule, which fitted tightly into a 7-mm-0.d. ceramic rotor. The spectrum was obtained using a rotation Hydrolysis of 1. A suspension of 1 (1 g, 1.68 mmol) in dry toluene (25 mL) was treated with distilled water (7.2 pL) and stirred until the brown color of the suspension disappeared. The white solid was filtered out, and the colorless toluene solution was slowly concentrated to a very "Equivalent isotropic U defined as one-third of the trace of the orthogonalized U, tensor.
small volume. Colorless crystals of tetramethylpyrazine separated during the evaporation (0.055 g, 0.40 mmol, 47%). The identification of the product was carried out by either an X-ray crystal structurei7 or comparison of the NMR spectrum with that of an analytically pure sample. .384 (5)
.518 (8) .337 (10) 116.4 (4) 121.6 (5) 121.9 (6) (TMEDA)Ti(NPh)CI2 (2) . Neat azobenzene (0.6 g, 3.3 mmol) was added to a suspension of TiC12(TMEDA)2 (2.3 g, 6.5 mmol) in THF (75 mL) at -90 "C. The mixture was stirred while warming it slowly to -30 "C, when a deep red color developed. Once all the purple crystals of starting material were dissolved, the resulting deep red solution was allowed to warm to room temperature. Deep orange crystals of 2 separated upon concentration and cooling to -30 OC (1.6 g, 4.85 mmol, 74% were collected at room temperature using the w scan technique to a maximum 28 value of 55.0'. Semi-empirical absorption corrections were applied to the data. Data were corrected for Lorentz and polarization effects. The structure was solved by direct methods using the Siemens SHELXTL PLUS program. Full-matrix least-squares refinement with anisotropic thermal parameters of 133 parameters and 1576 reflections out of 3367 converged to R = 0.049 (R, = 0.061). Non-hydrogen atoms of the acetonitrile molecule were isotropically refined. Hydrogen atoms were introduced at their calculated positions in the last refinement cycle. Neutral-atom scattering factors were taken from Cromer and Waber.I8 Details on crystal data and structure solution and refinement are given in Table I . Atomic coordinates and isotropic thermal parameters are reported in Table 11 . Relevant bond distances and angles are given in Table IV .
Complex 2.
A red block-shaped crystal sealed in a glass capillary was mounted on a Rigaku AFC6S diffractometer with graphite-monochromated Mo Ka radiation. Cell constants and orientation matrix for data collection, obtained from a least-squares refinement of 21 carefully centered reflections in the range 38.27 < 8 < 39.76'. corresponded to a monoclinic cell. The data were collected at 23 OC using the w-28 scan technique to a maximum 28 value of 47.0'. Of the 2628 reflections which were collected, 2502 were unique. The intensities of three representative reflections, which were measured every 150 reflections, remained constant throughout data collection, indicating crystal and instrument stability (no decay correction was applied). Azimuthal scans of several reflections indicated no need for absorption corrections. Data were corrected for Lorentz and polarization effects. The structure was solved by direct methods. All the non-hydrogen atoms were refined anisotropically. The final cycle of full-matrix least-squares refinement was based on 1536 observed reflections [ I > 3.00a(r)] and 163 variable parameters. Convergence was reached at R = 0.034 (R, = 0.042). Neutral-atom scattering factors were taken from Cromer and Waber.I8
Anomalous dispersion effects were included in F,. Details on crystal data collection and structure solution and refinement are reported in Table  I . Atomic coordinates and isotropic thermal parameters are given in 69.03 (CH2, TMEDA), 59.37, 56.74 (CH3, TMEDA). ellipsoids are drawn at the 50% probability level.
Scheme I Table 111 . Relevant bond distances and angles are reported in Table IV .
All calculations were performed using the TEXSAN" crystallographic software package of the Molecular Structure Corp., using a Digital VAX computer.
Results and Discussion
The reaction of (TMEDA)2TiC12 in neat acetonitrile proceeds at -30 OC to produce deep orange crystals of Complex 1 is diamagnetic, and consistent IH NMR data could be obtained only in CD$N solution due to its extremely poor solubility in the common inert organic solvents. Fast decomposition was observed in chlorinated and coordinating solvents (THF, pyridine, DMF). I3C NMR spectra were recorded in the solid state, due to the very poor solubility of the sample and its limited thermal stability at room temperature.
Formation of the dimetallic 1 proceeds probably via transfer of two electrons from the metal center to a coordinated molecule of CH3CN (Scheme I). The resulting carbene-like species forms
( 1 9 the final product via either direct dimerization or reaction with a second molecule of acetonitrile and unreacted starting Ti(I1) complex. The solution N M R data, consistent with the solid-state formulation, suggest that the reaction cannot be reversed. There was no evidence for the presence of the cis isomer either in the pure sample or in the mother liquor. We find this selectivity remarkable, when one considers that no significant steric hindrance is present in complex 1. This complex provides the first case where the four-electron reductive coupling of acetonitrile takes place on a mononuclear system, this kind of transformation having so far been observed only with multiply bonded di-or polymetallic s y~t e m s . '~J~ Attempts to demetalate the organic fragment via hydrolysis gave moderate yield (47%) of tetramethylpyrazine (TMP) as a colorless crystalline material (Scheme II).17 This compound could be isolated only when the hydrolysis was carried out under inert atmosphere with the use of 4 equiv of water. Intractable mixtures have been obtained in all the other cases. It is difficult to rationalize the unexpected formation of this heterocyclic compound during the hydrolysis since the cyclic structure imply rearrangement of the [N-C(Me)=C(Me)-NI4-moiety from the trans to the cis configuration. Attempts to isolate and identify the inorganic residue failed.
The stability of the Ti-N multiple bond, as suggested by the very short Ti-N distance, is probably high and is likely the thermodynamic driving force for the preliminary reduction of CH3CN. In agreement with this hypothesis, the Ti-imido function can be easily formed with other organic precursors. The reaction of (TMEDA)2TiC12 with azobenzene for example, proceeds at -30 OC in THF to form the corresponding (TMEDA)C12Ti=NPh (2) in good yield (Scheme 111). The ease of this reaction is in contrast to the hard pyrolitic conditions employed for the preparation of (ArO)2Ti(NPh)py2,16 underlying the versatility of TiC12(TMEDA)2 as a synthetic tool. Furthermore, the presence of two *reactive" chlorine atoms in 1 and 2 is especially desirable for further reactivity studies, including toward reduction and alkylation reactions. The structure of 2, as demonstrated by X-ray analysis, shows the monomeric complex basically imtructural with the monomeric fragment of 1 forming comparable bond distances and angles (Figure 2) . The Ti=N distance [Ti-N = 1.702 (6) A] is slightly shorter than in the previously reported (ArO)2Ti-( N P h ) (~y )~, l~~ probably as a result of decreased steric hindrance. There is no prohibitive steric hindrance in complex 2; therefore, we suggest that the unusual pyramidal geometry, generally observed among group 4 metal imidates,I6 may be determined by electronic factors.
Finally the reaction of (TMEDA),TiCl, with Me3SiN3 led to the formation in low yield of the thermally unstable (TME- presence of a bent terminally bonded azido group.
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